The antioxidative activity of a 70% methanol extract of sweet potatoes was estimated in a linoleic acid=aqueous system. The extract had a markedly strong antioxidative activity. Major phenolic com ponents contained in the 70% methanol extract were identified as chloro genic acid and isochlorogenic acid-l, -2 and -3 by using high-performance liquid chromatography. The other minor free phenolics were identified, or tentatively identified, as caffeic acid and 4-o-caffeoylquinic acid. Chlorogenic acid and/or isochlorogenic acids, however, had only slight antioxidative activity. From the results of the addition of chlorogenic acid, isochlorogenic acids and the other coexisting components con tained in the sweet potato extract, the effective antioxidant activity of the sweet potato extract was proposed to be mainly based on the syner gistic effect of phenolic compounds with amino acids.
In the present study, the authors investigated the antioxidative components of sweet potatoes and discussed the development of the antioxidative effect. WS, whole sweet potato powder (1g): PP, peel powder of sweet potato (0.5g); PS, peeled sweet potato powder (1g); CS, powder of secondary cambium of sweet potato (1g) . antioxidative activity of a part of the peel was stronger than that of the inner portion, because the antioxidative activity of WS was stronger than that of PS. Pratt and Watts (1) studied the antioxidative activity of hot-water extract of several plant tissues, and reported that potato-peel extracts had a greater protective effect than extracts from potatoes. Peaks 1, 5, 6 and 7 were similar to the authentic caffeic acid and isochlorogenic acid-l, -2 and -3 as regards the retention volume by HPLC and the UV spectrum respectively. Chlorogenic acid and isochlorogenic acid-l, -2 and -3 were verified also by TLC and paper chromatography. Peak 3 was tentatively identified as 4-o -caffeoylquinic acid from the data of HPLC and paper chromatography reported by Walter et al. (6) and Thompson (10) . From these results, six peaks were identified or tentatively identified as caffeic acid, chlorogenic acid, 4-o-caffeoylquinic acid, isochlorogenic acid-l, -2 and -3, respectively. Table 4 indicates the quantitative results for phenolic compounds determined by HPLC using coumarin as an internal standard. Chlorogenic acid and isochloro genic acid-2 were the most abundant components, comprising more than 80% of the total phenolic compounds in WS, PP and PS. This was very similar to the results for sweet potato phenolics as determined by Walter et al. (6). Each sample of caffeic acid and 4-o-caffeoylquinic acid was trace in 70% methanol extract (Fig. 1) . The phenolic compounds identified in the present study, with the exception of isochloro genic acid-3, have already been reported in sweet potatoes (5, 6, 10, 11). Neo chlorogenic acid has already been found in sweet potatoes (5, 6, 10), but it was not detected in the present investigation. Walter et al. (6) found that neochlorogenic acid was not present at harvest time, but became detectable about 4 weeks thereafter, and Thompson (10) reported that it was not detectable in many sweet potato cultivars.
Antioxidative activity of phenolic compounds Table 5 shows the antioxidative activity of chlorogenic acid and isochlorogenic acids in various concentrations. This activity was weaker than that of 70% methanol extract. Accordingly, such a strong antioxidative activity of 70% methanol extract is considered to be based on the presence of unknown antioxidants or the synergistic effect of coexisting components.
Pratt (12) reported that caffeic acid was an effective antioxidant but that chlorogenic acid had no antioxidant activity. On the other hand, Naito et al. (4) indicated that catechin and chlorogenic acid had strong antioxidative activity. These discrepancies may depend on the difference in the method of measurement of antioxidative activity and in the ratio of the concentration of chlorogenic acid to lipid.
Determination of bound-type phenolic acid
Since the antioxidative activity of major phenolic compounds identified in 70% methanol extract of sweet potato was weak, the bound-type phenolic acids were analyzed. The 70% methanol extract was hydrolyzed with 2N NaOH, extracted with ethyl ether and analyzed by TLC and HPLC. The results are shown in Fig. 2 . Caffeic acid, traps-p-coumaric acid and traps-p-ferulic acid were detected, but the last two compounds were present in very small amounts in 70% methanol extract. Caffeic acid is considered to be mostly formed from chlorogenic acid and isochlorogenic acids on alkaline hydrolysis. Synergistic effect of phenolic compounds with amino acids and of 70% methanol ex tract with tocopherols As described above, free phenolic compounds identified in 70% methanol extract had only a slight antioxidative effect, and bound-type phenolic acids , with the exception of caffeic acid, were minor components in this extract. The synergistic effects of phenolic compounds with various components coexisting in the extract were then surveyed. Table 6 shows the composition of free amino acids and sugars in the 70% methanol, extract. Model solutions based on the determination of phenolic compounds (Table  4) Table 8 . Antioxidative activity of 70% methanol extracta of peeled sweet potato powder (5g) and the synergistic effect with tocopherol.
a 70% methanol extract was prepared by a method similar to that shown in Table 2 . hand, a synergistic effect of glucose, fructose and sucrose was not observed , as shown in Table 7 . Citric acid also did not appear to show a synergistic effect because of the non-addition of metallic ions in the present solution system . From the results obtained above, the strong antioxidative activity of the sweet potato extract is considered to be mainly based on the synergistic effect of phenolic compounds with amino acids.
Moreover, the synergistic effect of 70% methanol extract with the tocopherol mixture is shown in Table 8 . The antioxidative activity of the sweet potato extract obtained from 0.025g of PS nearly corresponded to that of 50 micrograms of tocopherol mixture. 
